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DESCRIPTION 

MEMORY INTERFACE DEVICE, MEMORY INTERFACE METHOD AND 
MODEM DEVICE 

Technical Field 

[0001] The present invention relates to a memory interface 
device, a memory interface method, and a modem device. 
Background Art 

[0002] Heretofore, there is a card type electronic device 
referred to as a PC card, and there is realized the device 
equipped with various types of functions for expansion of a 
function of a portable personal computer or the like. 
There are a communication card, a memory card and the like 
of a modem, an LAN, a radio telephone and the like. These 
PC cards are attached to a host device (e.g., the portable 
personal computer) and used. 

[0003] The PC card includes: a first in first out (FIFO) 
memory as a buffer in transmitting and receiving data 
between the card and a CPU of the host device; and an 
interface circuit which controls an access to this FIFO 
memory. Moreover, a data communication speed can be 
matched between the card and the CPU of the host device via 
the FIFO memory. 

[0004] In a conventional procedure in a case where data is 
sent from the host device to the PC card via the above FIFO 
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memory, first the host device divides transmission data 
into a certain amount (e.g., 16 bytes) of the data, and one 
of the divided data is written into the FIFO memory. Next, 
when this write is detected, the interface circuit of the 
5 FIFO memory generates an interrupt signal in order to 

notify the CPU of the PC card that there is the data in the 
FIFO memory. Next, in this interrupt processing, the CPU 
of the PC card reads data from the FIFO memory. Next, when 
this read is detected, the interface circuit of the FIFO 
10 memory outputs a readout completion notice signal to the 

host device. In response to this readout completion notice, 
the CPU of the host device writes the next data into the 
FIFO memory, if any. 

[0005] As described above, heretofore, the host device 
15 divides the transmission data into the certain amount of 
the data, and repeats the above procedure every divided 
data to thereby transmit the data to the PC card. 
[000 6] Moreover, to reduce a load on the CPU in reading the 
data from the FIFO memory, an FIFO memory provided with a 
20 count function is known which generates the interrupt 

signal in a case where the amount of the data stored in the 
FIFO memory reaches a predetermined amount (see, e.g. 
Patent Document 1) . 

[Patent Document 1] Japanese Patent Application Laid-Open 
25 No. 6-325565 (Page 2, FIG. 1) 
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In recent years,, in the FIFO memory mounted on the 
PC card, capacity enlargement is possible. Accordingly, 
when the amount of the data to be sent from the host device 
to the PC card once is increased in accordance with the 
5 maximum storage capacity of the FIFO memory, the number of 
the divided transmission number decreases. Therefore, it 
is possible to reduce the number of generated interrupt 
times with respect to the CPU of the PC card. Moreover, it 
is possible to increase the amount of the data to be 

10 handled in one interrupt processing. Therefore, the loads 
due to the interrupt processing are reduced, and the data 
can integrally be processed efficiently. Owing to these 
factors and the like, a processing speed can be enhanced. 
[0007] However, for this purpose, the existing 

15 communication control program to be executed by the CPU of 
the host device needs to be changed to adapt the amount of 
the data to be sent from the host device to the PC card 
once in accordance with the new FIFO memory. Every time 
the FIFO memory to be mounted on the PC card is version- 

20 upgraded, the communication control program for the host 
device is changed in accordance with the new FIFO memory. 
This is a factor for cost increase, and additionally 
factors for defects such as bugs are increased. For such a 
reason, there is a demand for diversion of the existing 

25 communication control program for the host device. 
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[0008] For the similar reason, as to the above FIFO memory 
provided with the count function, unless the communication 
control program for the host device is changed, the effect 
of the memory cannot be obtained, and therefore the memory 
5 is not easily applied. 

Disclosure of the Invention 

[0009] The present invention has been developed in 
consideration of such situations, and an object is to 

10 provide a memory interface device and a memory interface 
method capable of coping with a memory write procedure in 
which every time data is written into a memory every 
predetermined amount unit, it is confirmed that readout of 
the data from the memory has been completed, and then the 

15 next write of the data into the memory is performed, 

whereby a load on a CPU on a memory readout side can be 
reduced. 

[0010] To solve the above problem, in the present invention, 
there is provided a memory interface device to control a 

2 0 memory access with respect to: a memory write unit to 

comply with a memory write procedure in which every time 
data is written into a memory every predetermined amount 
unit, it is confirmed that readout of the data from the 
memory has been completed, and then the next write of the 

25 data into the memory is performed; and a memory readout 



r 
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unit which reads the data from the memory, the memory 
interface device comprising: write detection means for 
detecting the write of the predetermined amount unit of the 
data from the memory write unit into the memory; signal 
5 generation means for generating a signal to notify the 
memory write unit that the readout of the data from the 
memory has been completed, in a case where the write of the 
predetermined amount unit of the data is detected; data 
storage amount measurement means for measuring an amount of 
10 the data stored in the memory; and memory readout control 
means for generating an interrupt signal with respect to 
the memory readout unit, in a case where the stored data 
amount in the memory reaches a predetermined readout start 
storage amount . 

15 [0011] According to this constitution, every time the 

predetermined amount unit of the data is written from the 
memory write unit, the readout completion notice signal is 
generated. Therefore, it is possible to cope with the 
memory write procedure in the memory write unit. 

20 Furthermore, the predetermined amount of the data or more 
due to the memory write procedure is stored in the memory, 
and the written data can integrally be read from the memory 
write unit. Therefore, it is possible to reduce the number 
of generated interrupt times with respect to the memory 

25 readout unit. Moreover, the amount of the data to be 
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handled in one interrupt processing by the memory readout 
unit can be increased to efficiently process the data, and 
loads on the memory readout unit are reduced. 
[0012] In the present invention, there is provided a memory 
5 interface device connected to a memory write unit to comply 
with a memory write procedure in which every time data is 
written into a memory every predetermined amount unit, it 
is confirmed that readout of the data from the memory has 
been completed, and then the next write of the data into 

10 the memory is performed, the memory interface device being 
configured to control a memory access to the memory write 
unit, the memory interface device comprising: write 
detection means for detecting the write of the 
predetermined amount unit of the data from the memory write 

15 unit into the memory; signal generation means for 

generating a signal to notify the memory write unit that 
the readout of the data from the memory has been completed, 
in a case where the write of the predetermined amount unit 
of the data is detected; data storage amount measurement 

20 means for measuring an amount of the data stored in the 

memory; data processing means for reading the data from the 
memory to subject the data to predetermined processing; and 
memory readout control means for generating an interrupt 
signal with respect to the data processing means, in a case 

25 where the stored data amount in the memory reaches a 
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predetermined readout start storage amount. 
[0013] According to this constitution, every time the 
predetermined amount unit of the data is written from the 
memory write unit, the readout completion notice signal is 
5 generated. Therefore, it is possible to cope with the 
memory write procedure in the memory write unit. 
Furthermore, the predetermined amount of the data or more 
due to the memory write procedure is stored in the memory, 
and the data written from the memory write unit can 

10 integrally be read. Therefore, it is possible to reduce 

the number of generated interrupt times with respect to the 
memory , readout unit or the data processing means. Moreover, 
the amount of the data to be handled in one interrupt 
processing by the memory readout unit or the data 

15 processing means can be increased to efficiently process 

the data, and loads on the memory readout unit and the data 
processing means are reduced. 

[0014] Moreover, in the memory interface device of the 
present invention, the memory readout control means 
20 temporarily stops the signal generation by the signal 

generation means, in a case where the stored data amount in 
the memory reaches the predetermined readout start storage 
amount . 

[0015] According to this constitution, it is judged that 
25 any data is not stored in the memory to stop the data write 
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with respect to the memory write unit which is writing the 
data, and it is possible to prevent the data from being 
written over the maximum storage capacity of the memory. 
[0016] Furthermore, the memory interface device of the 
5 present invention further comprises: a timer to count a 

period in which the write of the predetermined amount unit 
of the data is discontinued, when this counted value 
reaches a predetermined timer period, the timer being 
configured to output a timeout signal to the memory readout 

10 control means. The memory readout control means generates 
the interrupt signal with respect to the memory readout 
unit, even in a case where the timeout signal is received. 
[0017] According to this constitution, it is possible to 
cope with a case where the total write data amount of the 

15 memory write unit is less than the readout start storage 
amount, and without storing the data up to the readout 
start storage amount in the memory, the write of the data 
from the memory write unit is ended. 

[0018] In the present invention, there is provided a memory 
20 interface method to control a memory access with respect 
to: a memory write unit to comply with a memory write 
procedure in which every time data is written into a memory 
every predetermined amount unit, it is confirmed that 
readout of the data from the memory has been completed, and 
25 then the next write of the data into the memory is 
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performed; and a memory readout unit which reads the data 
from the memory, the memory interface method comprising: a 
step of detecting the write of the predetermined amount 
unit of the data from the memory write unit into the 
5 memory; a step of notifying the memory write unit that the 
readout of the data from the memory has been completed, in 
a case where the write of the predetermined amount unit of 
the data is detected; a step of measuring an amount of the 
data stored in the memory; and a step of generating an 

10 interrupt signal with respect to the memory readout unit, 
in a case where the stored data amount in the memory 
reaches a predetermined readout start storage amount. 
[0019] Moreover, the memory interface method of the present 
invention further includes: a step of temporarily stopping 

15 the readout completion notice, in a case where the stored 

data amount in the memory reaches the predetermined readout 
start storage amount. 

[0020] Furthermore, the memory interface method of the 
present invention further includes: a step of counting a 
2 0 period in which the write of the predetermined amount unit 
of the data is discontinued; and a step of generating the 
interrupt signal with respect to the memory readout unit, 
in a case where this counted value reaches a predetermined 
timer period. 

25 [0021] In the present invention, there is provided a memory 



- 10 - 



interface device to control a memory access with respect 
to: a first memory write and readout unit to comply with a 
memory write procedure in which every time data is written 
into a memory every predetermined amount unit, it is 
5 confirmed that readout of the data from the memory has been 
completed, and then the next write of the data into the 
memory is performed; and a second memory write and readout 
unit which writes and reads the data with respect to the 
memory, the memory interface device comprising: write 

10 detection means for detecting the write of the 

predetermined amount unit of the data from the first memory 
write and readout unit into the memory; first completion 
signal generation means for generating a signal to notify 
the first memory write and readout unit that the readout of 

15 the data from the memory has been completed, in a case 
where the write of the predetermined amount unit of the 
data is detected; first data storage amount measurement 
means for measuring an amount of the data stored in the 
memory; first memory readout control means for generating 

20 an interrupt signal with respect to the second memory write 
and readout unit, in a case where the stored data amount in 
the memory reaches a predetermined readout start storage 
amount; write amount detection means for detecting the 
write of the predetermined amount of the data from the 

25 second memory write and readout unit into the memory; 
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second completion signal generation means for generating a 
signal to notify the first memory write and readout unit 
that the write of the data into the memory has been 
completed, in a case where the write of the predetermined 
5 amount unit of the data is detected; second data storage 
amount measurement means for measurement the stored data 
amount in the memory; and second memory readout control 
means for generating an interrupt signal with respect to 
the second memory write and readout unit, in a case where 

10 the stored data amount in the memory reaches a 

predetermined readout completion storage amount. 
[0022] According to this constitution, the readout 
completion notice signal is generated every time the 
predetermined amount unit of the data is written from the 

15 first memory write and readout unit. Therefore, it is 
possible to cope with the memory write procedure in the 
memory write and readout unit. Furthermore, the 
predetermined amount of the data or more due to the memory 
write procedure is stored in the memory, and the written 

20 data can integrally be read from the memory write and 
readout unit. Therefore, it is possible to reduce the 
number of generated interrupt times with respect to the 
second memory write and readout unit. Moreover, the amount 
of the data to be handled in one interrupt processing by 

25 the memory write and readout unit can be increased to 



efficiently process the data. 

[0023] Moreover, after the predetermined amount unit of the 
data is written from the second memory write and readout 
unit, the write completion notice signal is generated with 
respect to the first memory write and readout unit. 
Therefore, the data written from the second memory write 
and readout unit can be read integrally and processed 
efficiently. Accordingly, the loads on the first and 
second memory write and readout devices can be reduced. 
[0024] Moreover, in the memory interface device of the 
present invention, the first memory readout control means 
temporarily stops the signal generation by the first 
completion signal generation means, in a case where the 
stored data amount in the memory reaches the predetermined 
readout start storage amount. 

[0025] According to this constitution, it is judged that 
any data is not stored in the memory to stop the write of 
the data with respect to the memory write unit which is 
writing the data, and it is possible to prevent the data 
from being written over the maximum storage capacity of the 
memory. 

[002 6] Moreover, the memory interface device of the present 
invention further comprises: a first timer to count a 
period in which the write of the predetermined amount unit 
of the data is discontinued, when this counted value 
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reaches a predetermined timer period, the timer being 
configured to output a timeout signal to the first memory 
readout control means. The first memory readout control 
means generates the interrupt signal with respect to the 
5 second memory write and readout unit, even in a case where 
the timeout signal is received. 

[0027] According to this constitution, it is possible to 
cope with a case where the total write data amount of the 
first memory write and readout unit is less than the 
10 readout start storage amount, and without storing the data 
up to the readout start storage amount in the memory, the 
write of the data from the first memory write and readout 
unit is ended. 

[002 8] Moreover, the memory interface device of the present 
15 invention further comprises: a second timer to count a 
period in which the write of the data from the second 
memory write and readout unit into the memory is 
discontinued, when this counted value reaches a 
predetermined timer period, the second timer being 
20 configured to output a timeout signal to the second 

completion signal generation means. The second completion 
signal generation means generates a completion notice 
signal with respect to the first memory write and readout 
unit, in a case where the timeout signal is received. 
25 [0029] According to this constitution, it is possible to 
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cope with a case where the total write data amount of the 
second memory write and readout unit is less than a write 
completion storage amount, and without storing the data up 
to the write completion storage amount in the memory, the 
5 write of the data from the second memory write and readout 
unit is ended. 

[0030] According to the present invention, there is 
provided a memory interface method to control a memory 
access with respect to: a first memory write and readout 

10 unit to comply with a memory write procedure in which every 
time data is written into a memory every predetermined 
amount unit, it is confirmed that readout of the data from 
the memory has been completed, and then the next write of 
the data into the memory is performed; and a second memory 

15 write and readout unit which writes and reads the data with 
respect to the memory, the memory interface method 
including: a step of detecting the write of the 
predetermined amount unit of the data from the memory write 
unit into the memory; a step of notifying the first memory 

20 write and readout. unit that the readout of the data from 

the memory has been completed, in a case where the write of 
the predetermined amount unit of the data is detected; a 
step of measuring an amount of the data stored in the 
memory; a step of generating an interrupt signal with 

25 respect to the memory readout unit, in a case where the 
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stored data amount- in the memory reaches a predetermined 
readout start storage amount; a step of detecting the write 
of the predetermined amount of the data from the second 
memory write and readout unit into the memory; a step of 
5 generating a signal to notify the first memory write and 

readout unit that the write of the data into the memory has 
been completed, in a case where the write of the 
predetermined amount of the data is detected; a step of 
measuring the stored data amount in the memory; and a step 
10 of generating an interrupt signal with respect to the 

second memory write and readout unit, in a case where the 
stored data amount in the memory reaches a predetermined 
readout completion storage amount. 

[0031] Moreover, the memory interface method of the present 
15 invention further includes: a step of temporarily stopping 
the readout completion notice, in a case where the stored 
data amount in the memory reaches the predetermined readout 
start storage amount. 

[0032] Furthermore, the memory interface method of the 
20 present invention further includes: a step of counting a 

period in which the write of the predetermined amount unit 
of the data is discontinued; and a step of generating the 
interrupt signal with respect to the second memory write 
and readout unit, in a case where this counted value 
25 reaches a predetermined timer period. 
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[0033] In addition, the memory interface method of the 
present invention further includes: a step of counting a 
period in which the write of the data from the second 
memory write and readout unit into the memory is 
5 discontinued; a step of outputting a timeout signal, when 
this counted value reaches the predetermined timer period; 
and a step of outputting a completion signal to the first 
memory write and readout unit in response to the timeout 
signal . 

10 [0034] In the present invention, there is provided a modem 
device connected to a data processing unit to comply with a 
memory write procedure in which every time communication 
data or control command data is written into a memory every 
predetermined amount unit, it is confirmed that readout of 

15 the data from the memory has been completed, and then the 
next write of the data into the memory is performed, the 
modem device comprising: a modem interface which exchanges 
the data with respect to the data processing unit; the 
memory; a memory readout unit which reads the data from the 

20 memory; and communication means connected to the memory 

readout unit to transmit and receive the communication data, 
the modem device further comprising: write detection means 
for detecting the write of the predetermined amount unit of 
the data from the memory write unit into the memory; signal 

25 generation means for generating a signal to notify the data 
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processing unit that the readout of the data from the 
memory has been completed, in a case where the write of the 
predetermined amount unit of the data is detected; data 
storage amount measurement means for measuring an amount of 
5 the data stored in the memory; and memory readout control 
means for generating an interrupt signal with respect to 
the memory readout unit, in a case where the stored data 
amount in the memory reaches a predetermined readout start 
storage amount. 

10 [0035] Moreover, in the present invention, there is 

provided a modem device connected to a data processing unit 
to comply with a memory write procedure in which every time 
communication data or control command data is written into 
a memory every predetermined amount unit, it is confirmed 

15 that readout of the data from the memory has been completed, 
and then the next write of the data into the memory is 
performed, the modem device comprising: a modem interface 
which exchanges the data with respect to the data 
processing unit; the memory; a memory write and readout 

20 unit which writes and reads the data with respect to the 
memory; and communication means connected to the memory 
write and readout unit to transmit and receive the 
communication data, the modem device further comprising: 
write detection means for detecting the write of the 

25 predetermined amount unit of the data from the memory write 
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and readout unit into the memory; first completion signal 
generation means for generating a signal to notify the data 
processing unit that the readout of the data from the 
memory has been completed, in a case where the write of the 
5 predetermined amount unit of the data is detected; first 
data storage amount measurement means for measuring an 
amount of the data stored in the memory; first memory 
readout control means for generating an interrupt signal 
with respect to the memory write and readout unit, in a 

10 case where the stored data amount in the memory reaches a 
predetermined readout start storage amount; write amount 
detection means for detecting the write of the 
predetermined amount of the data from the memory write and 
readout unit into the memory; second completion signal 

15 generation means for generating a signal to notify the data 
processing unit that the write of the data into the memory 
has been completed, in a case where the write of the 
predetermined amount of the data is detected; second data 
storage amount measurement means for measurement the stored 

20 data amount in the memory; and second memory readout 
control means for generating an interrupt signal with 
respect to second memory write and readout unit, in a case 
where the stored data amount in the memory reaches a 
predetermined readout completion storage amount. 



25 
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Brief Description of the Drawings 

[0036] FIG. 1 is a block diagram showing a constitution of 
a PC card 1 equipped with a memory interface device in one 
embodiment of the present invention; 
5 [0037] FIG. 2 is an appearance diagram of the PC card 1 

shown in FIG. 1 and a portable personal computer 2 to which 
the card is to attached; 

[0038] FIG. 3 is a first sequence chart showing a flow of 
memory interface processing in one embodiment of the. 
10 present invention; 

[0039] FIG. 4 is a second sequence chart showing a flow of 
memory interface processing in one embodiment of the 
present invention; 

[0040] FIG. 5 is a block diagram showing a constitution of 
15 a PC card la equipped with a memory interface device in a 

second embodiment of the present invention; 

[0041] FIG. 6 is a first sequence chart showing a flow of 

memory interface processing in the second embodiment of the 

present invention; 
20 [0042] FIG. 7 is a second sequence chart showing a flow of 

memory interface processing in the second embodiment of the 

present invention; and 

[0043] FIG. 8 is a block diagram showing a constitution in 
a case where the present invention is applied to a radio 
25 modem device lb. 
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Best Mode for Carrying out the Invention 
[0044] One embodiment of the present . invention will be 
described hereinafter with reference to the drawings. In 
5 the present embodiment, there will be described as an 

example a case where a memory interface device is mounted 
on a card type electronic device referred to as a PC card. 
[0045] FIG. 1 is a block diagram showing a constitution of 
a PC card 1 equipped with a memory interface device in one 
10 embodiment of the present invention. FIG. 2 is an 

appearance diagram of the PC card 1 and a portable personal 
computer (hereinafter simply referred to as the PC) 2 to 
which the PC card 1 is to attached. 

[004 6] As shown in FIG. 2, the PC card 1 can be attached to 
15 a PC card slot 20 of the PC 2. Moreover, FIG. 1 shows an 

only constitution for sending data from a CPU (not shown) 

of the PC 2 to a CPU 10 of the PC card 1 in a case where 

the PC card 1 is attached to the PC 2, and another 

constitution is omitted. 
20 [0047] In the PC card 1 of FIG. 1, an FIFO memory 100 

functions as a buffer at a time when data is received from 

the CPU of the PC 2 . 

[0048] The CPU of the PC 2 receives and transfers the data 
with respect to the CPU 10 of the PC card 1 via this FIFO 
25 memory 100. Here, there will be described a memory write 
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procedure in the PC 2. First, the CPU of the PC 2 divides 
transmission data into a certain amount of the data. 
Moreover, every time the predetermined amount unit of the 
data is written into the FIFO memory 100, it is confirmed 
5 that the readout of the data from the FIFO memory 100 has 
been completed, and then the next write of the data into 
the FIFO memory 100 is performed. On receiving a readout 
completion notice signal (see FIG. 1) from the PC card 1, 
the CPU of the PC 2 judges that the readout of the data 

10 from the FIFO memory 100 has been completed. 

[0049] In the PC card 1 of FIG. 1, on receiving data and a 
write command from the PC 2, a memory write section 101 
outputs a write signal to write the received data with 
respect to the FIFO memory 100. 

15 [0050] On receiving a data readout instruction from the CPU 
10, a memory read, section 102 outputs a read signal to the 
FIFO memory 100 to read out the data, and outputs the read 
data to the CPU 10. 

[0051] A counter 103 counts a write signal to the FIFO 
20 memory 100. This counted value indicates a stored data 
amount in the FIFO memory 100. For example, in a case 
where a write signal is output in a byte unit, the counted 
value of the counter 103 indicates the stored data amount 
in the FIFO memory 100 by the unit of the byte. The 
25 counter 103 sets the counted value to zero in response to a 
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reset signal from the CPU 10. This reset signal is output 
at a time when the CPU 10 reads out all of the stored data 
from the FIFO memory 100 via the memory read section 102. 
[0052] A register 104 holds the counted value of the 
5 counter 103, that is, the stored data amount in ,the FIFO 
memory 100. The held value of this register 104 is 
readable from the CPU 10. This register 104 allows the CPU 
10 to acquire the stored data amount in the FIFO memory 100. 
[0053] A register 105 holds a data write unit amount (host 

10 write unit amount) into the FIFO memory 100 in the memory 
write procedure in the above PC 2. This host write unit 
amount can be set to an arbitrary value by the CPU 10. 
[0054] A comparison unit 106 compares the counted value of 
the counter 103, that is, the stored data amount in the 

15 FIFO memory 100 with the held value of the register 105, 
that is, the host write unit amount. Moreover, in a case 
where both of the amounts agree with each other, an 
agreement signal is output to a readout completion notice 
signal generating section 107. 

20 [0055] On receiving the agreement signal from the 

comparison unit 106, the readout completion notice signal 
generating section 107 generates a readout completion 
notice signal to output the signal to the PC 2. That is, 
in a case where the write of the data into the FIFO memory 

25 100 by the PC 2 every predetermined amount unit described 
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above has been detected, the readout completion notice 
signal is generated. Accordingly, although the readout of 
the data from the FIFO memory 100 is not actually completed, 
the CPU of the PC 2 judges that the readout of the data 
5 from the FIFO memory 100 has been completed on receiving 

the readout completion notice signal, and performs the next 
data write into the FIFO memory 100, As a result, in the 
FIFO memory 100, the data is stored in excess of the 
predetermined amount of the above data write by the PC 2. 
10 [0056] Moreover, the readout completion notice signal 

generating section 107 stops the readout completion notice 
signal from being generated in a period in which a stop 
signal described later is received. 

[0057] A timer 108 counts a period in which a write signal 
15 to the FIFO memory 100 is discontinued. Moreover, when the 
counted value reaches a predetermined timer period (timeout 
time) , a timeout signal is output to an interrupt signal 
generating section 111. 

[0058] A register 109 holds a storage amount (readout start 
20 storage amount) indicating a readout start time of the data 
from the FIFO memory 100. This readout start storage 
amount can be set to an arbitrary value by the CPU 10. For 
example, the amount is set in accordance with a maximum 
storage capacity of the FIFO memory 100. 
25 [0059] A comparison section 110 compares the counted value 
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of the counter 103, that is, the stored data amount in the 
FIFO memory 100 with the held value of the register 109, 
that is, the readout start storage amount. Moreover, in a 
case where both of the amounts agree with each other, an 
5 agreement signal is output to the interrupt signal 
generating section 111. 

[0060] Moreover, this agreement signal is a stop signal to 
the above readout completion notice signal generating 
section 107. That is, in a case where the stored data 

10 amount in the FIFO memory 100 reaches the readout start 
storage amount, the generation of the readout completion 
notice signal is stopped. Accordingly, with respect to the 
PC 2 which judges that any data is not stored in the FIFO 
. memory 100 to write the data, the data write is stopped, 

15 and the data can be prevented from being written in excess 
of the maximum storage capacity of the FIFO memory 100. 
[0061] In a case where the agreement signal is received 
from the FIFO memory 100, or the timeout signal is received 
from the timer 108, the interrupt signal generating section 

20 111 generates the interrupt signal to output the signal to 
the CPU 10. On receiving this interrupt signal, the CPU 10 
acquires the stored data amount from the register 104, and 
performs data readout operations via the memory read 
section 102, the number of the data readout operations 

25 corresponding to the stored data amount. Accordingly, the 
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data stored in the FIFO memory 100 is all read out by the 
CPU 10. After the completion of the readout, the CPU 10 
resets the counter 103. 

[0062] It is to be noted that in the present embodiment, 
among the respective sections of the above PC card 1 of FIG 
1, a memory interface 120 includes the counter 103, the 
registers 104, 105 and 109, the comparison units 106, 110, 
the readout completion notice signal generating section 107 
the timer 108 and the interrupt signal generating section 
111. 

[0063] Next, there will be described an operation of the 
memory interface in the PC card 1 shown in FIG. 1 described 
above with reference to FIGS. 3 and 4. FIGS. 3 and 4 are 
first and second sequence charts showing a flow of memory 
interface processing in the present embodiment. 
[0064] First, a first sequence will be described with 
reference to FIG. 3. This first sequence shows a case 
where the data is stored up to the readout start storage 
amount (e.g., the maximum storage capacity of the FIFO 
memory 100) in the FIFO memory 100. This corresponds to a 
case where a transmission data amount of the PC 2 is not 
less than the readout start storage amount. 
[0065] In FIG. 3, the PC 2 writes the data into the FIFO 
memory 100 every predetermined amount unit (16-byte unit in 
the example of FIG. 3) (step SI) . Every time the data is 
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written, the memory interface section. 120 of the PC card 1 
generates the readout completion notice signal by the 
readout completion notice signal generating section 107 to 
output the signal to the PC 2. (step S2) . 
5 [0066] Subsequently, when the stored data amount in the 
FIFO memory 100 reaches the readout start storage amount 
held in the register 109, the memory interface section 120 
generates the interrupt signal by the interrupt signal 
generating section 111, and outputs the signal to the CPU 

10 10 (step S3). At this time, the stop signal from the 

comparison section 110 is input into the readout completion 
notice signal generating section 107, and the generation of 
the readout completion notice signal stops. 
[0067] Subsequently, in response to the interruption, the 

15 CPU 10 reads out the stored data amount from the register 
104 (steps S4, S5) . Moreover, all the stored data is read 
out from the FIFO memory 100 based on the read data storage 
amount (step S6) . When this readout is completed, the CPU 
10 resets the counter 103 (step S7) . When this counter is 

20 reset, the stop signal output from the comparison section 
110 is cancelled,, and the readout completion notice signal 
generating section 107 restarts the generation of the 
readout completion notice signal, and outputs the readout 
completion notice signal to the PC 2 (step S2a) . 

25 [0068] Next, a second sequence will be described with 
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reference to FIG. 4. This second sequence indicates a case 
where without storing the data up to the readout start 
storage amount in the FIFO memory 100, the write of the 
data from the PC 2 ends. This corresponds to a case where 
5 the transmission data amount of the PC 2 is less than the 
readout start storage . amount . 

[0069] In FIG. 4, in the same manner as in FIG. 3 described 
above, the PC 2 writes the data into the FIFO memory 100 
every predetermined amount unit. Every time the data is 

10 written, the memory interface section 120 of the PC card 1 
generates the readout completion notice signal by the 
readout completion notice signal generating section 107, 
and outputs the signal to the PC 2 (steps SI, S2) . At this 
. time, the timer 108 is reset every time . the data is written 

15 into the FIFO memory 100. 

[0070]Next, after the write of the data from the PC 2 ends, 
the timer period expires, and the timer 108 times out. 
Then, the memory interface section 120 generates the 
interrupt signal by the interrupt signal generating section 

20 111, and outputs the signal to the CPU 10 (step S3a) . In 

response to this interruption, in the same manner as in FIG. 
3 described above, the CPU 10 reads out all the stored data 
from the FIFO memory 100, and resets the counter 103 (steps 
S4 to S7) . 

25 [0071] As described above, according to the present 
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embodiment, every time the predetermined amount unit of the 
data is written from the PC 2, the readout completion 
notice signal is generated. Therefore, it is possible to 
cope with the memory write procedure in the above PC 2, and 
5 the existing communication control program for the PC 2 
(host device) can be diverted. 

[0072] Furthermore, the predetermined amount of the data or 
more is stored in the FIFO memory 100 by the memory write 
procedure, and the data written from the PC 2 can 

10 integrally be read out. Therefore, it is possible to 

reduce the number of generated interrupt times with respect 
to the CPU 10 by the PC card 1, and it is possible to 
increase the amount of the data to be handled by the CPU 10 
in one interrupt processing. As a result, loads due to the 

15 interrupt processing can be reduced, and the data can 

integrally be processed efficiently. In consequence, there 
is obtained an excellent effect that the loads on the CPU 
10 of the PC card 1 are reduced, and a processing speed is 
enhanced. 

20 [0073] Moreover, since the CPU 10 of the PC card 1 can 

grasp the stored data amount in the FIFO memory 100 to read 
out the data from the FIFO memory 100, the data processing 
can be performed as designed. 

[0074] Next, a second embodiment of the present invention 
25 will be described. The second embodiment has a 
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constitution to cope with write of data from a PC card into 
a PC, FIG. 5 shows a constitution of a PC card la equipped 
with a memory interface device in the second embodiment of 
the present invention. Here, there is omitted description 
5 of a constitution or an operation similar to that of FIG. 1, 
that is, the write of the data from the PC to the PC card. 
[0075] In the PC card la of FIG. 5, in the same manner as 
in FIG. 1, an FIFO memory 100 functions as a buffer in 
receiving the data from a CPU of a PC 2 . Moreover, here, 
10 the memory also functions as a buffer in transmitting the 
data. 

[0076] The CPU of the PC 2 receives and transfers the data 
with respect to a CPU 10 of the PC card la via this FIFO 
memory 100, and the CPU 10 of the PC card la receives and 
15 transfers the data with respect to the CPU of the PC 2 via 
the FIFO memory 100. 

[0077] Next, there will be described a memory readout 
procedure in the PC 2. First, the CPU of the PC card la 
allows a memory write section 202 to output a write signal 

20 to the FIFO memory 100, and writes the data into the FIFO 
memory 100. A memory read section 201 receives a read 
command from the PC 2, and outputs a read signal to the 
FIFO memory 100, and the FIFO memory 100 transmits the data 
to the PC 2 . On receiving a write completion notice signal 

25 (see FIG. 5) from the PC card la, the CPU of the PC 2 
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judges that a preparation for readout of the data from the 
FIFO memory 100 has been completed. 

[0078] A counter 203 counts the write signal from the 
memory write section 202 into the FIFO memory 100, and the 
5 read signal from the memory read section 201 to the FIFO 
memory 100. The counter 203 counts up in response to the 
write signal from the memory write section 202 to the FIFO 
memory 100, and counts down in response to the read signal 
from the memory read section 201 to the FIFO memory 100. 
10 Accordingly, a counted value in the counter 203 indicates a 
stored data amount in the FIFO memory 100. This reset 
signal is output, when the counter is returned to an 
initial state during turning-on of a power source or the 
like . 

15 [0079] A register 204 holds the counted value of the 

counter 203, that is, the stored data amount in the FIFO 
memory 100. The held value of this register 204 is 
readable from the CPU 10-. This register 204 allows the CPU 
10 to acquire the stored data amount in the FIFO memory 100. 

20 [0080] A register 205 holds an amount which completes the 
data write from the CPU 10 into the FIFO memory 100. This 
write completion storage amount can be set to an arbitrary 
value by the CPU 10. 

[0081] A comparison unit 206 compares the counted value of 
25 the counter 203, that is, the stored data amount in the 



FIFO memory 100 with the held value of the register 205, 
that is, the write completion storage amount. Moreover, in 
a case where both of the amounts agree with each other, an 
agreement signal is output to a write completion notice 
signal generating section 207. 

[0082] On receiving the agreement signal from the 
comparison unit 206, the write completion notice signal 
generating section 207 generates a write start notice 
signal, and outputs the signal as an interrupt signal to 
the PC 2. That is, in a case where the write of the 
predetermined amount of the data by the CPU 10 into the 
FIFO memory 100 is detected, a write completion notice 
signal is generated. Accordingly, the CPU of the PC 2 
starts readout of the data from the FIFO memory 100. 
[0083] After the write signal from the memory write section 
202 to the memory write section 101 is generated, a timer 
208 counts a period in which the next write signal is 
discontinued. Moreover, when a counted value reaches a 
predetermined timer period (timeout time) , a timeout signal 
is output to the write completion notice signal generating 
section 207. 

[0084] On receiving the timeout signal from the timer 208, 
the write completion notice signal generating section 207 
generates a write completion notice signal, and outputs the 
signal as an interrupt signal. That is, in a case where 
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the write of the data by the CPU 10 into the FIFO memory 
100 is detected, the write completion notice signal is 
generated. Accordingly, the CPU of the PC 2 starts the 
readout of the data from the FIFO memory 100. The write 
5 completion notice signal is input into the timer 208 to 
reset the timer 208. 

[0085] A register 209 holds a storage amount (readout 
completion storage amount) by which the readout of the data 
from the FIFO memory 100 is completed. This readout 
10 completion storage amount can be set to an arbitrary value 
by the CPU 10, and is usually set to 0 . 

[008 6] A comparison section 210 compares the counted value 
of the counter 103, that is, the stored data amount in the 
FIFO memory 100 with the held value of the register 209, 
15 that is, the readout completion storage amount. Moreover, 
in a case where both of the amounts agree with each other, 
an agreement signal is output to an interrupt signal 
generating section 211. 

[0087] On receiving the agreement signal from the 
20 comparison section 210, the interrupt signal generating 
section 211 generates an interrupt signal to output the 
signal to the CPU 10. On receiving this interrupt signal, 
the CPU 10 is notified a possibility of the subsequent data 
write operation. 

25 [0088] Next, there will be described an operation at a time 
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when the data is written from the PC card la into the PC 2 
in an memory interface of the above PC card la shown in FIG 
1 with reference to FIGS. 6, 7. FIGS. 6, 7 are first and 
second sequence charts showing a flow of interface 
processing in the present embodiment. 

[0089] First, the first sequence will be described with 
reference to FIG. 6. This first sequence corresponds to a 
case where the amount of the data to be written from the 
CPU 10 into the FIFO memory 100 is not less than a 
predetermined value. 

[0090] In FIG. 6, the CPU 10 confirms the stored data 
amount stored at present in the FIFO memory 100 from 
contents of the register 204 (steps S21, S22) . In 
accordance with the confirmed stored data amount, the CPU 
10 writes the data into the FIFO memory 100 (step S23) . 
[0091] At this time, the write signal from the memory write 
section 202 increases the counted value of the counter 203. 
[0092] Subsequently, when the stored data amount in the 
FIFO memory 100 reaches the write completion storage amount 
held in the register 205, the memory write section 202 
outputs an interrupt signal which is the write completion 
notice signal from the write completion notice generating 
section to the PC 2 (step S24) . 

[0093] The PC 2 into which the interrupt signal has been 
input outputs a read command to the memory read section 201 , 
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and the memory read section 201 reads out the data from the 
FIFO memory 100 every predetermined unit (here, 16 bytes), 
and outputs the data to the PC 2 (step S25) . At this time, 
the read signal from the memory read section 201 decreases 
5 the value of the counter 2 03. 

[0094] As to the data output to the PC 2, the last data is 
distinguished by an added data status (step S26) . 
[0095] Moreover, the read signal from the memory read 
section 201 decreases the value of the counter 203, and the 

10 value of the counter 203 becomes equal to the readout 

completion storage amount of the register 209. That is, 
when it is judged that the readout from the FIFO memory 100 
has been completed, the comparison section 210 outputs the 
interrupt signal to the interrupt signal generating section 

15 211 to notify the possibility of a data write operation of 
the CPU 10 (step S27) . 

[0096] Next, the second sequence will be described with 
reference to FIG. 7. This second sequence copes with a 
case where the data to be written from the CPU 10 into the 

20 FIFO memory 100 is less than a predetermined value. 

[0097] In FIG. 7, in the same manner as in FIG. 6 described 
above, the CPU 10 confirms the stored data amount stored at 
present in the FIFO memory 100 from the contents of the 
register 204 (steps S21, S22) . In accordance with the 

25 confirmed stored data amount, the CPU 10 writes the data 
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into the FIFO memory 100 (step S23) . 

[0098] Next, after the data write from the CPU 10 ends, in 
a case where the write completion storage amount does not 
reach the storage amount set to the register 205, a timer 
5 period expires, and the timer 208 times out. Accordingly, 
a memory interface section 220 allows the write completion 
notice signal generating section 207 to generate the 
interrupt signal, and outputs the signal to the PC 2 (step 
S24a) . In response to this interruption, in the same 

10 manner as in FIG. 6 described above, the PC 2 reads out all 
the stored data from the FIFO memory 100 (steps S25 to S27) . 
[0099] As described above, according to the present 
embodiment, even in the write of the data from the PC card 
la into the PC 2, the stored data amount in the FIFO memory 

15 100 can be grasped to write the data from the FIFO memory 

100 into the PC 2. Therefore, the data can be processed as 
designed. 

[0100] The embodiments of the present invention have been 
described above in detail with reference to the drawings, 
20 but a specific constitution is not limited to the 

embodiments, and the present invention includes design 
changes and the like without departing from the scope of 
the present invention. 

[0101] For example, in the above embodiments, the FIFO 
25 memory has been used, but the present invention is 
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applicable to a random access memory (RAM) . For example, 
the memory write section 101 writes the data into the RAM 
in an ascending order from address 0, and the CPU 10 
similarly reads out the data from the RAM in the ascending 
5 order from address 0. 

[0102] Moreover, as a memory write unit as a control object 
of the memory interface device in the present invention, 
the portable personal computer has been described as an 
example, but the memory write unit is not limited to this. 

10 Similarly, a memory readout unit is not limited to the CPU 
of the PC card. That is, the memory interface device of 
the present invention can broadly be applied as a device to 
realize memory access control with respect to: the memory 
write unit which complies with the above memory write 

15 procedure; and the memory readout unit which reads out the 
data from the memory accessed by this memory write unit. 
The memory interface device of the present invention may 
include data processing means for reading the data from the 
memory accessed by the memory write unit to subject the 

20 read data to predetermined processing. 

[0103] FIG. 8 shows one example. FIG. 8 is a block diagram 
showing an example in which the memory interface device of 
the present invention is applied to a radio modem device. 
An RAM 303 and an ROM 304 are connected to a CPU 10a to 

25 input and output data required for a modem operation. A 
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radio modem device lb of a PC card type or the like 
exchanges data or various types of commands with the PC 2 
via a modem interface 300. Communication data such as 
packet communication data, a control AT command of the CPU 
5 10a, and a write command and a read command of the FIFO 
memory 100 are written and read out with respect to the 
FIFO memory as described in the embodiments of the present 
invention. The CPU 10a transmits the written communication 
data to an antenna 302 connected to a radio section 301 in 
10 conformity to various types of radio protocols, and the CPU 
10a converts, into the communication data, the 
communication data in conformity to various types of radio 
protocols received by the radio section 301, and writes the 
data into the PC 2 via the FIFO memory 100. 

15 

Industrial Applicability 

[0104] According to the present invention, since a readout 
completion notice signal is generated every write of a 
predetermined amount unit of data from a memory write unit, 
20 it is possible to cope with a memory write procedure in the 
memory write unit, and it is possible to divert the 
existing communication control program for the memory write 
unit (e.g., a host device of a PC card). 

[0105] Furthermore, since a predetermined amount of or more 
25 data is stored in a memory by the memory write procedure, 
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and the data written by the memory write unit can 
integrally be read out, it is possible to reduce the number 
of generated interrupt times with respect to a memory 
readout unit, and it is possible to increase an amount of 
5 data to be handled by one interrupt processing by the 
memory readout unit. As a result, loads due to the 
interrupt processing can be reduced, and the data can 
integrally be processed efficiently. In consequence, there 
is obtained an excellent effect that loads on the memory 

10 readout unit (e.g., a CPU of the PC card) are reduced, and 
a processing speed is enhanced. Even in a case where the 
data is written from the PC card into the PC, after the 
write of the predetermined amount unit of the data from a 
second memory write and readout unit (CPU) , a write 

15 completion notice signal is generated with respect to a 

first memory write and readout unit (PC) . Therefore, the 
data written by the second memory write and readout unit 
can integrally be read out, and processed with good 
efficiency. 



20 



